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o n  th e  site. B e c h te l  N a tiona l , Inc . ( B N I), th e  F U S R A P  project  m a n a g e m e n t con tractor ( P M C )  

pe r fo r m e d  a  lim ite d  rad io log ica l  survey  o f th e  N B L . Th is  survey  i den tifie d  severa l  a reas  wi th 

e leva te d  direct  g a m m a  rad ia tio n  a n d  e leva te d  soi l  concen trat ion levels  o f R a - 2 2 6 , Th -232 , a n d  

U - 2 3 8 .r O n e  o f these  con ta m ina te d  locat ions was  ad jacen t to  th e  sou thwes te rn  p rope r ty 

bounda r y , wh ich  bo rde rs  a  pr ivately o w n e d  parce l  o f l and . 

T h e  D O E ’s O ffice o f E n v i r o n m e n ta l  Res to ra tio n  a n d  W a s te  M a n a g e m e n t r e c o m m e n d e d  th a t th e  

cu r ren t rad io log ica l  cond i tio n  o f th is  vicinity p rope r ty b e  d e te r m i n e d  a n d  reques te d  th a t th e  
E n v i r o n m e n ta l  Su rvey  a n d  S ite  A ssessmen t P r o g r a m  ( E S S A P )  o f th e  O a k  R idge  Ins titu te  fo r  
S c ience  a n d  E d u c a tio n  ( O R IS E ) conduc t a  rad io log ica l  survey  o f th e  p rope r ty. Th is  repo r t 

summar i zes  th e  p rocedu res  a n d  resul ts o f th a t survey.  

S ITE  D E S C R IP T IO N  

T h e  vicinity p rope r ty is located a t 9 9 0  Jersey  A v e n u e , app rox ima tely  3 .2  k m  (2  m i) sou thwes t 

o f d o w n to w n  N e w  B runswick,  N e w  Jersey  (F igure  1 ) . T h e  1  h a  (2 .5  ac)  site is in  a  l ight 

indus trial a rea  a n d  con ta ins  o n e  bui ld ing,  from  wh ich  two sepa ra te  bus inesses  o p e r a te . T h e  

p rope r ty is b o u n d e d  to  th e  no r theas t by  N B L , to  th e  sou theas t by  th e  Pennsy l van ia  Ra i l road , to  
th e  sou thwes t by  a  l ight indus trial facility, a n d  to  th e  no r thwes t by  Jersey  A v e n u e  (F igure  2 ) . 

S u r faces  a re  p r e d o m i n a n tly aspha l t pa rk ing  a n d  d r i veways  wi th smal le r  a reas  o f g rass  a n d  soil.  

O B J E C T IV E  

T h e  ob jec tive o f th e  survey  was  to  d e te rm ine  th e  rad io log ica l  status o f th e  site, re lat ive to  th e  

D O E  O rder  5 4 0 0 .5  C h a p te r  IV  gu ide l ines.  T h e  resul ts wi l l  b e  used  by  D O E /E M  to  d e te rm ine  

w h e the r  the re  is n e e d  fo r  fu r the r  ac tions  u n d e r  F U S R A P . 

P R O C E D U R E S  

A  pre l im inary  visit was  m a d e  to  th e  site o n  Apr i l  2 0 , 1 9 9 3 . T h e n  o n  June  5  a n d  6 , a n d  July  8 , 

1 9 9 3  a  survey  te a m  from  E S S A P  pe r fo r m e d  rad io log ica l  m e a s u r e m e n ts a n d  samp l ing  a t th e  site. 

Newbrunsw ick  - N o v e m b e r  17 ,  1 9 9 3  2  

-. - -  -.-- .- - ~  ---  



.- 

.- 

Survey activities were conducted in accordance with a May 27, 1993 site specific survey plan 

submitted to and approved by DOE/HQ.* 

REFERENCE SYSTEM 

ESSAP utilized prominent site features to reference measurement and sampling locations. 

SURFACE SCANS 

Surface scans for alpha, beta, and gamma activity were performed over 100 percent of the 

property grounds, using gas proportional and NaI detectors. Detectors were coupled to 

ratemeters or ratemeter-scalers with audible indicators. Locations of elevated direct radiation, 

identified by scans, were marked for further investigation. 

SOIL SAMPLING 

Surface soil samples were collected from 13 locations on the property, 5 of which were locations 

beneath the asphalt drive that forms the northern property boundary (Figure 3). Additional 

subsurface samples, to depths of up to 75 cm, were collected from 4 of the 13 sampling 

locations. 

SURFACE ACTJYITY MEASUREMENTS 

Direct measurements for total alpha and total beta activity levels were made at 24 locations 

(Figure 4). 

SAMPLE ANALYSIS AND DATA INTERPRETATION ,.d. 

Samples and data were returned to ESSAP’s Oak Ridge, Tennessee, facility for analysis and 

interpretation. Soil samples were analyzed by gamma spectrometry for Ra-226, U-238, U-235, 

Th-232, and Th-228. Spectra were also reviewed for any other identifiable photopeaks. Alpha 
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* 

spectrometry was used to analyze two composite samples for isotopic plutonium and one 

individual sample for isotopic uranium. Results of soil analyses were reported in units of pCi/g. 
Direct measurement data were converted to units of dpm/lOO cm*. 

Survey results were compared with the DOE guidelines for residual contamination which are 
found in DOE order 5400.5 and summarized in Appendix C. 

FIN-DINGS AND RESULTS 

SURFACE SCANS 

Surface scans identified one location of elevated direct gamma radiation, five times background 

level, on the north property boundary (Figure 5). Investigative scans determined that the 
elevated gamma radiation was confined to an area of approximately 1 m*. 

RADIONUCLIDE CONCENTRATIONS IN SOIL 

Radionuclide concentrations in soil samples are .summa.rized in Table 1. The concentration 

ranges in surface samples (0 to 15 cm) were 0.6 to 3.8 pCi/g for Ra-226, 0.4 to 2.1 pCi/g for 

U-238, 0.1 to 0.7 pCi/g for U-235, 0.7 to 1.5 pCi/g for Th-232, and 0.8 to 1.2 pCi/g for 

Th-228. Concentration ranges in subsurface samples (greater than 15 cm in depth) were 
0.5 to 22.0 pCi/g for Ra-226, 0.7 to 9.5 pCi/g for U-238, 0.1 to 3.4 pCi/g for U-235, 

0.8 to 2.1 pCi/g for Th-232, and 1.0 to 1.7 pCi/g for Th-228. The plutonium concentration 

levels in the two composite samples were less than the minimum detectable activities of the 

procedures which were less than 0.08 pCi/g for Pu-238 and less than 0.07 pCi/g for Pu-239/240. 

The U-238 to U-234 ratio provided by the isotopic uranium analysis of the sample from the 30 

to 45 cm depth of location #l indicated that the uranium present was in naturally occurring 

isotopic abundances. 
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SURFACE ACTIVITY LEVELS 

All surface activity levels were less than 66 dpm/lOO cm2 for alpha and less than 590 dpm/lOO 

cm* for beta. 

COMPARISON OF RESULTS WITH GUIDELINES 

The radionuclide soil concentrations and the surface activity levels were compared with the DOE 

guidelines summarized in Appendix C. 

The generic DOE guidelines for residual above background concentrations of radionuclides in 

soil, assuming secular equilibrium, are as follows: 

Ra-226, Ra-228, Th-230, and Th-232 - 5 pCi/g averaged over the first 15 cm of 
soil below the surface 

- 15 pCi/g averaged over 15 cm thick 

layers of soil more than 15 cm below 

the surface 

The 30 to 45 cm depth interval sample from location #l contained 22.0 pCi/g of Ra-226, which 

exceeds the 15 pCi/g above background guideline. However, the guidelines permit averaging 

the soil concentration levels over an area of up to 100 m*. The mean Ra-226 concentration for 

the contiguous area, developed from the Table 1 results for location #‘s 1, 3 (18 m from 

location #l), 4 (23 m from location #l), and 13 (4 m from location #l) at the 30 to 45 cm depth 

interval, was 6.2 pCi/g. 

The most restrictive total surface contamination guidelines found in Appendix C were used for 

alpha and beta activity level comparisons. Total alpha activity levels were therefore compared 

to Ra-226 guidelines, of 100 dpm/lOO cm*, average in a 1 m* area, and 300 dpm/lOO cm*, 

maximum in a 100 cm* area.3 Total beta activity levels were compared to the Th-232 guidelines 

Newbrunswick - Novanber 17.1993 5 



of 1000 dpm/lOO cm*, average in a 1 m* area and 3000 dpm/lOO cm*, maximum in a 100 cm* 
area. All measured activity levels were well within these guidelines. 

SUMMARY 

The Environmental Survey and Site assessment Program performed a limited radiological survey 

of a vicinity property of the New Brunswick Laboratory on June 5 and 6, and July 8, 1993. 

Survey activities included surface scans, direct measurements, and soil sampling. 

The survey identified one localized subsurface area of soil, adjacent to contamination previously 

identified on the New Brunswick Laboratory site, with approximately 22.0 pCi/g of Ra-226. 

The subsurface zone containing elevated concentrations of Ra-226 ranged from 15 cm to 60 cm 

in depth, with the highest concentration at the 30 to 45 cm depth. However, the average Ra-226 
concentration over the contiguous 100 m* area satisfies the guideline. Radionuclide 
concentration levels in all other soil samples were below guideline levels; most were within the 

range of typical background levels. All surface activity levels were well below guideline levels. 
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TABLE 1 

RADIONUCLIDE CONCENTRATIONS IN SOIL 
990 JERSEY AVENUE 

NEW BRUNSWICK, NEW JERSEY 

Location’ Radionuclide Concentrations (pCi/g) 
and 

Depth Ra-226 U-238 U-235 Th-232 ‘b-228 

1 O-15 cm 3.8 + 0.5b 1.4 f 0.4 0.7 * 0.1 1.2 f 0.6 1.2 + 0.2 

15-30 cm 11.3 + 0.8 3.6 f 2.8 2.2 f 0.3 2.1 f 0.6 1.6 &- 0.2 
30-45 cm 22.0 f 1.0 9.5 + 3.8 3.4 + 0.3 1.2 + 0.6 1.5 f 0.3 
45-60 cm 9.2 f 1.7 2.2 f 0.4 1.5 + 0.1 1.2 f 0.3 1.4 f 0.2 
60-75 cm 3.1 f 0.4 1.4 + 1.4 0.4 f 0.1 1.3 f 0.4 1.1 f 0.2 

2 O-15 cm 0.7 f 0.2 0.6 f 0.9 0.1 + 0.1 0.7 f 0.3 0.8 f 0.1 

3 O-15 cm 0.8 f 0.2 1.0 + 0.4 0.1 + 0.1 1.1 f 0.3 1.0 &- 0.1 

15-30 cm 0.5 * 0.2 0.7 f 0.9 0.1 f 0.1 0.9 f 0.4 1.1 f 0.1 
30-45 cm 1.0 f 0.2 2.6 &- 1.5 0.2 + 0.1 1.3 + 0.3 1.2 f 0.1 
45-60 cm 1.0 f 0.3 1.7 + 1.4 0.1 + 0.1 0.8 + 0.4 1.3 f 0.2 
60-75 cm 0.8 &- 0.2 1.7 f 1.2 0.1 f 0.1 1.6 f 0.4 1.3 f 0.1 

4 O-15 cm 0.7 fi 0.2 2.1 If: 1.7 0.1 + 0.1 0.7 f 0.3 0.8 f 0.1 

15-30 cm 0.9 + 0.2 0.9 + 1.3 0.1 + 0.1 1.1 + 0.4 1.4 f 0.1 
30-45 cm 0.9 + 0.3 1.4 + 1.5 0.2 f 0.1 1.5 + 0.6 1.7 + 0.2 
45-60 cm’ 0.8 f 0.2 1.2 + 1.2 0.1 f. 0.1 1.2 f 0.4 1.4 f 0.1 
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TABLE 1 (Continued) 

RADIONUCLIDE CONCENTRATIONS IN SOIL 
990 JERSEY AVENUE 

NEW BRUNSWICK, NEW JERSEY 

Location” Radionuclide Concentrations (pCi/g) 
and 

Depth Ra-226 U-238 U-235 Th-232 Th-228 

5 O-15 cm 0.8 + 0.2 1.0 f 1.3 0.1 f 0.1 0.8 + 0.3 1.1 f 0.1 

6 O-15 cm 0.7 f 0.2 0.5 + 0.8 0.1 &- 0.1 0.8 + 0.3 0.9 &- 0.1 

7 O-15 cm 0.9 f 0.2 0.7 + 0.3 0.1 f 0.1 1.4 f 0.4 1.2 f 0.1 

8 O-15 cm 0.7 * 0.2 1.2 * 1.0 0.1 f 0.1 1.0 fi 0.4 1.2 + 0.1 

9 O-15 cm 0.7 + 0.2 0.4 + 1.0 0.1 f 0.1 1.3 f 0.3 1.2 f 0.1 

10 O-15 cm 0.6 f 0.2 1.0 f 1.0 0.1 + 0.1 0.9 f 0.3 0.9 f 0.1 

11 O-15 cm 0.6 f 1.5 0.9 + 1.2 0.1 &- 0.1 0.9 i- 0.3 1.1 f 0.1 

12 O-15 cm 2.0 + 0.3 1.2 &- 1.5 0.3 f 0.1 1.5 + 0.6 1.1 f 0.2 

13 O-15 cm 0.7 &- 0.2 1.6 + 1.1 0.1 Ifi 0.1 1.3 + 0.4 0.9 f 0.2 

15-30 cm 0.7 + 0.3 0.8 f 1.4 0.2 + 0.1 1.6 f 0.5 1.4 f 0.2 
30-45 cm 0.8 + 0.2 1.0 f 1.1 0.2 + 0.1 1.4 + 0.4 1.3 f 0.2 

45-60 cm 0.7 + 0.3 1.2 + 0.4 0.1 f 0.1 1.1 + 0.4 1.0 f 0.1 

i I 

“Refer to Figure 3. 
bUncertainties represent the 95% confidence level, based only on counting statistics. 
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L icenses  fo r  Nuc lea r  Reac tors,” June  1 9 7 4 . 
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A P P E N D IX  A  

M A J O R  I N S T R U M E N T A T IO N  

T h e  d isp lay  o f a  speci f ic p roduc t is n o t to  b e  cons t rued as  a n  e n d o r s e m e n t o f th e  p roduc t o r  its 
m a n u fac tu re r  by  th e  a u tho rs  o r  the i r  emp loye rs . 

D IRECT R A D IA T IO N  M E A S U R E M E N T  

Ins trum e n ts 

Ebe r l i ne  P u lse R a te m e te r  
M o d e l  P R M - 6  
(Eber l i ne , S a n ta  Fe , N M )  

L u d l u m  F loor  M o n i to r  
M o d e l  239 -  1  
( L u d l u m  M e a s u r e m e n ts, Inc ., 
S w e e twater, T X )  

L u d l u m  R a te m e te r -Sca le r  
M o d e l  2 2 2 1  
( L u d l u m  M e a s u r e m e n ts, Inc ., 
S w e e twater, T X )  

D e tec tors  

Ebe r l i ne  G M  D e tec to r  
M o d e l  H P - 2 6 0  
E ffec tive A rea , 1 5 .5  c m 2  
(Eber l i ne , S a n ta  Fe , N M )  

Ebe r l i ne  Z n S  S cint i l lat ion D e tec to r  
M o d e l  A C - 3 - 7  
E ffec tive A rea , 5 9  c m 2  
(Eber l i ne , S a n ta  Fe , N M )  

L u d l u m  G a s  P ropo r tiona l  D e tec to r  
M o d e l  4 3 - 3 7  
E ffec tive A rea , 5 5 0  c m 2  
( L u d l u m  M e a s u r e m e n ts, Inc ., 
S w e e twater, T X )  
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Vic toreen NaI Scintillation Detector 
Model 489-55 
3.2 cm x  3.8 cm Crys tal 
(Vic toreen , Cleveland, OH)  

LABORATORY ANALYTICAL INSTRUMENTATION 

Alpha Spectrometry System 
Canberra, Meriden, CT)  
Used in conjunc tion with: 
Multichannel Analyzer  
3100 Vax W orkstations  
(Canberra, Meriden, CT)  

High Purity  Extended Range Intrins ic  Detectors 
Model No: ERVDS30-25 195 
(Tennelec, O ak Ridge, TN) 
Used in conjunc tion with: 
Lead Shield Model G - l 1 
(Nuclear Lead, O ak Ridge, TN) and 
Multichannel Analyzer  
3100 Vax W orkstation 
(Canberra, Meriden, CT)  

High-Purity  G ermanium Detector 
Model GMX-23195-S, 23 %  Eff. 
(EG&G ORTEC, O ak Ridge, TN) 
Used in conjunc tion with: 
Lead Shield Model G -  16 
(Gamma Products, Palos  Hills , IL) and 
Multichannel Analyzer  
3100 Vax W orkstation 
(Canberra, Meriden, CT)  
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APPENDIX B 

SURVEY AND ANALYTICAL PROCEDURES 

SURVEY PROCEDURES 

Surface Scans 

Surface scans were performed by passing the probes slowly over the surface; the distance 

between the probe and the surface was maintained at a minimum - nominally about 1 cm. A 

large surface area, gas proportional floor monitor was used to scan the paved portions of the 

surveyed areas. Identification of elevated levels was based on increases in the audible signal 

from the recording and/or indicating instrument. Combinations of detectors and instruments 

used for the scans were: 

Alpha - gas proportional detector with ratemeter-scaler 

Beta - gas proportional detector with ratemeter-scaler 

Gamma - NaI scintillation detector with ratemeter 

Surface Activitv Measurements 

Measurements of total alpha and total beta activity levels were performed using ZnS scintillation 

and GM detectors with ratemeters-scalers. Count rates (cpm), which were integrated over 1 

minute for alpha measurements and 5 minutes for beta measurements in a static position, were 

converted to activity levels (dpm/lOO cm2) by dividing the net rate by the 4 P efficiency and 

correcting for sample count time and the active area of the detector. The alpha activity 

background countrate for the ZnS scintillation detector was 1 cpm. The alpha efficiency factor 

was 0.19 for the ZnS scintillation detector. The beta activity background count rate for the GM 

detector averaged 56 cpm. The beta efficiency factor was 0.17 for the GM detector. The 
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e ffec tive w indows  fo r  th e  Z n S  scint i l lat ion a n d  G M  d e tec tors  we re  5 9  c m ’, a n d  1 5 .5  c m 2 , 

respec tively. 

S o il S a m d ing  

A p p r o x i m a tely  1  kg  o f soi l  was  col lected a t each  samp le  locat ion.  Col lec ted samp les  we re  

p laced  in  a  plast ic b a g , sea led , a n d  labe led  in  acco rdance  with E S S A P  survey  p rocedu res . 

A N A L Y T ICAL  P R O C E D U R E S  

G a m m a  S D e c trom e trv 

So i l  S a m p l e s  

S o il samp les  we re  d r ied , m ixed, c rushed , a n d /o r  h o m o g e n i z e d  as  necessary ,  a n d  a  po r tio n  sea led  

in  0 .5- l i ter  Mar ine l l i  beake r  o r  o the r  app rop r ia te  con ta ine r . T h e  q u a n tity p laced  in  th e  beake r  

was  chosen  to  rep roduce  th e  ca l ib ra ted coun tin g  g e o m e try a n d  r a n g e d  from  5 0 0  to  8 0 0  g  o f 
m a ter ial .  N e t m a ter ia l  we igh ts we re  d e te r m i n e d  a n d  th e  samp les  coun te d  us ing  intr insic 

g e r m a n i u m  d e tec tors  coup led  to  a  pu lse  he igh t ana lyzer  system . B a c k g r o u n d  a n d  C o m p to n  

str ipping,  peak  search , peak  i den tif ication, a n d  concen trat ion calcu lat ions we re  pe r fo r m e d  us ing  

th e  c o m p u te r  capabi l i t ies i nhe ren t in  th e  ana lyzer  system . E n e r g y  peaks  used  fo r  d e te rm ina tio n  

o f rad ionuc l ides  o f conce rn  we re : 

R a - 2 2 6  0 .6 0 9  M e V  from  B i -214*  

Th -228  0 .2 3 9  M e V  from  P b - 2 1 2  

Th -232  0 .9 1 1  M e V  from  A C - 2 2 8 *  

U - 2 3 5  0 .1 8 6  M e V  

U - 2 3 8  0 .0 6 3  a n d  0 .0 9 3  M e V  from  Th -234*  (o r  1 .0 0 1  M e V  from  P a - 2 3 4  m )* 

*Secu la r  equ i l ib r ium a s s u m e d . 

S p e c tra we re  a lso  rev iewed  fo r  o the r  i den tifiab le  p h o topeaks . 
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Alpha Spectrometry 

Soil Samples 

Soil was crushed, homogenized and analyzed for isotopic plutonium and uranium. Samples were 

dissolved by potassium fluoride and pyrosulfate fusion and the elements of interest were 

precipitated with barium sulfate. Barium sulfate precipitate was redissolved and the specific 

elements of interest were individually separated by liquid-liquid extraction and re-precipitated 

with a cerium fluoride carrier. The precipitate was then counted using surface barrier and ion 
implanted detectors (Canberra), alpha spectrometers (Tennelec and Canberra), and a 

multichannel analyzer (Nuclear Data). 

UNCERTAINTIES AND DETECTION LIMITS 

The uncertainties associated with the analytical data presented in the tables of this report 

represent the 95% confidence level for that data. These uncertainties were calculated based on 

both the gross sample count levels and the associated background count levels. When the net 

sample count was less than 2.71 + 4.66 times the statistical deviation of the background count, 

the sample concentration was reported as less than the detection limit of the measurement 

procedures. Because of variations in background levels, measurement efficiencies, and 

contributions from other radionuclides in samples, the detection limits differ from sample to 

sample and instrument to instrument. Additional uncertainties, associated with sampling and 

measurement procedures, have not been propagated into the data presented in this report. 

CALIBRATION AND QUALITY ASSURANCE 

Analytical and field survey activities were conducted in accordance with procedures from the 

following documents of the Environmental Survey and Site Assessment Program: 

.- 
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0 Survey Procedures Manual Revision 7 (May 1992) 
a Laboratory Procedures Manual Revision 7 (April 1992) 
l Quality Assurance Manual Revision 5 (May 1992) 

The procedures contained in these manuals were developed to meet the requirements of DOE 

Order 5700.6C and ASME NQA-1 for Quality Assurance and contain measures to assess 

processes during their performance. 

Calibration of all field and laboratory instrumentation was based on standards/sources, traceable 

to NIST. 

Quality control procedures include: 

l Daily instrument background and check-source measurements to confirm that 
equipment operation is within acceptable statistical fluctuations, 

a Participation in EPA and EML Quality Assurance Programs, 
0 Training and certification of all individuals performing procedures, and 
0 Periodic internal and external audits. 
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A P P E N D IX  C  

S U M M A R Y  O F  D E P A R T M E N T  O F  E N E R G Y  
R E S IDUAL  R A D IO A C T IV E  M A T E R IA L  G U IDEL INES’ 

B A S IC D O S E  L IM ITS  

T h e  bas ic  dose  lim it fo r  th e  annua l  rad ia tio n  dose  (exc lud ing  radon )  rece ived  by  a n  ind iv idua l  
m e m b e r  o f th e  gene ra l  pub l ic  is 1 0 0  m r e m /yr. 2  In  i m p l e m e n tin g  th is  lim it, D O E  app l ies  as  low 
as  reasonab ly  ach ievab le  pr inc ip les  to  se t si te-specif ic gu ide l ines.  

E X T E R N A L  G A M M A  R A D IA T IO N  

T h e  ave rage  level  o f g a m m a  rad ia tio n  ins ide  a  bu i ld ing  o r  hab i tab le  st ructure o n  a  site th a t has  
n o  rad io log ica l  restr ict ion o n  its use  shal l  n o t exceed  th e  backg round  level  by  m o r e  th a n  2 0  @ /h  
a n d  wil l  comp ly  wi th th e  bas ic  dose  lim its w h e n  a n  app rop r ia te -use  scenar io  is cons ide red . 

S U R F A C E  C O N T A M INATION G U IDEL INES 

Rad ionuc l idesb  

A l lowab le  To ta l  Res idua l  S u r face  C o n ta m ina tio n  
( d p m / 1 0 0  cm2 )’ 

A v e r a g e c > d  M a x i m u m d T e  R e m o v a b l e d 3 f 

Transuran ics ,  R a - 2 2 6 , R a - 2 2 8 , 
Th -230  Th -228 , P a - 2 3  1 , A C - 2 2 7 , 
I -125, I -129 

Th -Na tural ,  Th -232 , S r -90 , 
R a - 2 2 3 , R a - 2 2 4 , U - 2 3 2 , 
I -126, I -131, I -133 

U -Na tural ,  U - 2 3 5 , U - 2 3 8 , a n d  
assoc ia ted decay  p roduc ts 

B e ta - g a m m a  e m itte rs  ( rad ionuc l ides  
wi th decay  m o d e s  o the r  th a n  
a lpha  e m iss ion o r  spon ta n e o u s  
f ission) excep t S r -90  a n d  o the rs  
n o te d  a b o v e  

1 0 0  3 0 0  2 0  

l , ( - )oo 3 ,0 0 0  2 0 0  

5 ,O O O a  1 5 ,O O O a  l,O O O a ! 

5  @ 0 /3 - Y  1 5  @ W - Y  1  N W - Y  
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a As used in this table, dpm (disintegrations per minute) means the rate of emission by 
radioactive material as determined by correcting the counts per minute measured by an 
appropriate detector for background, efficiency, and geometric factors associated with the 
instrumentation. 

b Where surface contamination by both alpha- and beta-gamma-emitting radionuclides exists, the 
limits established for alpha- and beta-gamma-emitting radionuclides should apply 
independently. 

c Measurements of average contamination should not be averaged over an area of more than 
1 m2. For objects of less surface area, the average should be derived for each such object. 

d The average and maximum dose rates associated with surface contamination resulting from 
beta-gamma emitters should not exceed 0.2 mrad/h and 1.0 mrad/h, respectively, at a depth 
of 1 cm. 

’ The maximum contamination level applies to an area of not more than 100 cm2. 

f The amount of removable radioactive material per 100 cm2 of surface area should be 
determined by wiping an area of that size with dry filter or soft absorbent paper, applying 
moderate pressure, and measuring the amount of radioactive material on the wipe with an 
appropriate instrument of known efficiency. When removable contamination on objects of 
surface area less than 100 cm2 is determined, the activity per unit area should be based on the 
actual area and the entire surface should be wiped. The numbers in this column are maximum 
amounts. 

SOIL GUIDELINES 

Radionuclides Soil Concentration (pCi/g) Above Background4bPc 

Radium-226, Radium-228, 
Thorium-230, Thorium-232 5 pCi/g, averaged over the first 15 cm of soil below the 

surface; 15 pCi/g, averaged over U-cm-thick layers of soil 
more than 15 cm below the surface. 

Other Radionuclides Soil guidelines are calculated on a site-specific basis, using 
the DOE manual developed for this use. 

’ These guidelines take into account ingrowth of radium-226 from thorium-230 or thorium-232 
and radium-228 and assume secular equilibrium. If either Th-230 and Ra-226 or Th-232 and 
Ra-228 are both present, not in secular equilibrium, the guidelines apply to the higher 
concentration. If other mixtures of radionuclides occur, the concentrations of individual 
radionuclides shall be reduced so that (1) the dose for the mixtures will not exceed the basic 

h:\csuptppardi.WU c-2 



dose limit, or (2) the sum of ratios of the soil concentration of each radionuclide to the 
allowable limit for that radionuclide will not exceed 1 (“unity”). 

b These guidelines represent allowable residual concentrations above background averaged across 
any 15cm-thick layer to any depth and over any contiguous 100 m2 surface area. 

c If the average concentration in any surface or below-surface area, less than or equal to 25 m*, 
exceeds the authorized limit of guideline by a factor of (100/A)*, where A is the area or the 
elevated region in square meters, limits for “hot spots” shall also be applicable. Procedures 
for calculating these hot spot limits, which depend on the extent of the elevated local 
concentrations, are given in the DOE Manual for Implementing Residual Radioactive Materials 
Guidelines.3 In addition, every reasonable effort shall be made to remove any source of 
radionuclide that exceeds 30 times the appropriate limit for soil, irrespective of the average 
concentration in the soil. 
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